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(57) ABSTRACT 

A vacuum pump system for a prosthesis device includes an 
enhanced suspension mechanism and cooperates With a pres 
sure source, an adaptor assembly, circuitry, and a poWer 
source. A virtually air-tight seal between a residual limb and 
a socket of the prosthesis alloWs a vacuum ?t to be generated 
by the pump system. The pump system may be controlled 
With various circuits and processors receiving instructions 
from a software program. The pump system may be located 
Within a pylon, but yet remain vibrationally and acoustically 
de-coupled from the pylon. 
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CONTROL SYSTEM FOR PROSTHESIS 

PRIORITY CLAIM 

[0001] This application is a continuation-in part of US. 
patent application Ser. No. 12/776,300 ?led on May 7, 2010, 
Which is a continuation-in-part of US. patent application Ser. 
No. 1 2/ 440,5 81 ?led on Mar. 9, 2009, Which claims priority to 
International Patent Application No. PCT/US07/19723 ?led 
on Sep. 11, 2007, Which claims priority to US. Provisional 
Patent Application No. 60/843,969 ?led on Sep. 12, 2006, 
Wherein the subject matter of each is incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a control system for 
a prosthetic device, and more speci?cally to a control system 
for a prosthetic pump arranged Within a pylon coupled to an 
adaptor. 

BACKGROUND 

[0003] The ?eld of prosthetics, in general, has made great 
advancements in improving performance on multiple levels 
for amputees and congenitally deformed individuals. 
Through these advancements, people across the World are 
experiencing neW aspects of life and reaching neW heights of 
applicability never before thought possible. 
[0004] Most prosthetic systems, also called prostheses, 
have a socket that directly interfaces With the prosthesis and a 
residual limb of the Wearer. For purposes of clarity herein, the 
term “suspension” refers to hoW the socket and residual limb 
are coupled to one another. Generally, a ?rmer suspension 
increases the effectiveness and e?iciency of the interaction of 
the prosthesis and residual limb. Some common methods of 
suspension include a suspension sleeve, a locking pin mecha 
nism, a corset, or a suspension belt. HoWever, each of these 
systems may still have various limitations in versatility and 
performance. 
[0005] One relatively successful suspension method incor 
porates a pump system that utiliZes a suspension sleeve to 
create an air seal betWeen the prosthesis and the residual limb. 
A small mechanical pump activated during the Wearer’s nor 
mal gait cycle generates a vacuum pressure of up to about 
?fteen inches of Mercury (50,795 Pascal) on the residual 
limb. Such a pump system has been found to have superior 
bene?ts compared to other, non-vacuum type systems. By 
Way of example, pump systems have been found to promote 
improved health of the residual limb by increasing circula 
tion. 

[0006] Further, pump systems may promote a better “?t” of 
the prosthesis relative to the residual limb. The “?t” of the 
prosthesis is one of the major issues that must be dealt With 
Whether in the design of the prosthesis, its control logic, its 
calibration methods, by the interface betWeen the prosthesis 
and the limb (e.g., liner or gel sock), or any combination 
thereof. The ?t is dependent on volumetric changes of the 
residual limb, Which may be caused by temperature, ?uid 
?oW, local stress on portions of the limb, and possibly many 
other factors. As a result of the residual limb changing in siZe 
the prosthesis may slip or undesirably move relative to the 
limb. Incorporation of a vacuum pump may help reduce or 
eliminate undesired siZe changes of the residual limb. Thus, 
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the vacuum pump may alloW a better ?t of the prosthesis by 
maintaining an appropriate pressure on the residual limb 
throughout daily use. 
[0007] HoWever, pump systems do have some limitations 
as compared to more conventional, non-vacuum type sys 
tems. For example, pump systems may have a less appealing 
cosmetic or aesthetic appearance, they may be less versatile, 
they may have a higher mass, and higher audible or inaudible 
noise levels. In addition, control systems used in conjunction 
With the pump systems may not adequately replicate or 
respond to natural human locomotion due to dynamic load 
ing, impact or shock loading, or complex load cycles that may 
be generated by active individuals. 
[0008] One conventional prosthesis and method of control 
ling the prosthesis are described in US. Pat. No. 5,724,714. 
The prosthesis includes an in?atable bladder Within the 
socket. The ?t of the prosthesis is controlled by pumping air 
to or from the bladder in an attempt to improve or maintain a 
desired ?t. While this approach may provide a comfortable ?t, 
it incorporates a dual-socketed system that is spatially bulky 
and heavy. The in?atable bladder focuses on pre-determined 
Weight-bearing regions of the residual limb, but over time 
these “pressure points” may lead to residual limb sWelling or 
other undesired changes. Furthermore, this method does not 
prevent limb volumetric changes, but rather attempts to 
dynamically react to those changes after they have occurred. 
[0009] US. Pat. Nos. 5,549,709 and 6,231,616 describe 
pump systems that respectively cooperate With a multi-sock 
eted system. These devices, hoWever, do not incorporate any 
softWare control of the pump system and do not have intelli 
gent manipulation of the socket environment. Additionally, 
they do not incorporate a means of recording environmental 
changes or use of the prosthesis, amongst others. 
[0010] US. Pat. No. 6,926,742 describes a mechanism for 
detecting and correcting a drop in pressure in a socket of a 
prosthesis, but the mechanism may be undesirably noisy 
When one or more pumps or motors of the prosthesis are 
turned on. 

[0011] The eVAC® vacuum type prosthesis, developed by 
Smith Global, aims to promote a vacuum in the space that is 
formed betWeen a gel liner and a prosthetic socket by elec 
tronic means. The eVAC® prosthesis does not have a mecha 
nism for recording Wearer data and does not have intelligent 
control of the socket environment; instead it is only adjustable 
With preset settings. Other vacuum type prostheses include 
the Harmony® VASSTM (Vacuum-Assisted Pump system) 
developed by TEC Interface Systems and the LimbLogicTM 
VS remote-controlled vacuum suspension system developed 
by The Ohio WilloW Wood Company. 

BRIEF SUMMARY 

[0012] The present invention relates to a prosthetic pump 
system or prosthesis that may advantageously provide a better 
?t and thus increased comfort With respect to a Wearer’s limb 
as Well as sense and interpret a variety of the Wearer’s needs. 
In one embodiment, the prosthesis includes a pump system 
that evacuates air from spaces, gaps or other interstices 
present betWeen the residual limb and the prosthesis While 
increasing a surface contact area betWeen the same, Which in 
turn may minimize undesired siZe changes of the residual 
limb. The pump system may be used in either upper or loWer 
amputee prosthetic pump systems. The pump system may 
achieve an appropriate ?t (i.e., desired suspension) through 
the use of a circuit, pump, embedded softWare, and poWer 
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means. The prosthesis may further include sensors, electron 
ics, software or other components that provide the ability to 
record, monitor, analyze, and maintain a vacuum ?t and the 
parameters, inputs or other variables associated With such 
data may be monitored, revised, or otherWise manipulated 
With a graphical Wearer interface. 

[0013] In one aspect of the present invention, a prosthetic 
device includes a prosthetic socket engageable With an ampu 
tated limb; a pump system having a vacuum chamber; a pylon 
coupled to the prosthetic socket to de?ne a cavity located 
proximal to the limb, the pylon de?ning a cavity siZed to 
receive the pump system for the prosthetic device; and an 
adaptor con?gured to minimiZe an overall lengthWise dimen 
sion of the prosthetic device and interface With the pylon, the 
adaptor coupled to at least a portion of the pump system, the 
adaptor having an interface that permits ?uid communication 
betWeen the socket and the vacuum chamber. 

[0014] In another aspect of the present invention, a pros 
thetic device having a socket assembly includes a pylon 
coupled to the socket assembly, the pylon de?ning a housing 
With an internal cavity; a pump system having a vacuum 
chamber located in proximity to the socket assembly, the 
pump system positioned Within the housing, the vacuum 
chamber in ?uid communication With the socket assembly; 
and an adaptor clamped around an outer surface of the pump 
system and also coupled to the pump system, the adaptor 
con?gured to structurally support at least a motor for the 
pump system Within the pylon. 
[0015] In yet another aspect of the present invention, a 
method of controlling a prosthetic vacuum suspension device 
includes the steps of (l) sensing a pressure level in a pros 
thetic socket and controlling the pressure With a pump located 
Within a pylon of the prosthetic device; (2) sensing at least one 
non-pressure parameter of the prosthetic device; (3) deter 
mining a present activity pattern based on the sensed data; (4) 
selecting a knoWn activity pattern based on the determined 
present activity pattern; and (5) selectively adjusting pressure 
limits for the pressure level in the prosthetic socket based on 
a comparison of the present activity pattern With the knoWn 
activity pattern. 
[0016] In still yet another aspect of the present invention, a 
control system for a prosthetic device includes a pressure 
sensor arranged to determine a pressure Within prosthetic 
socket of a prosthetic vacuum suspension system; a non 
pressure sensor arranged to determine a parameter corre 
sponding to a dynamic response of the prosthetic device; a 
controller in signal communication With the sensors, the con 
troller con?gured to analyZe signals received from the sensors 
over a desired period of time, the controller further con?gured 
to calibrate the suspension system based on a type of activity 
presently engaged in by a user, Wherein the calibration 
includes comparing the analyZed signals relative to data from 
a knoWn activity; and a vacuum pump of the suspension 
system operable to change the pressure Within the prosthetic 
socket based on instructions from the controller. 

[0017] In yet another aspect of the present invention, a 
method of ?tting a prosthetic device includes the steps of (l) 
sensing a pressure level in a prosthetic socket of the prosthetic 
device; (2) analyZing the pressure level over a period of time 
to identify any undesired pressure gradients While ambula 
tory; (3) determining a quality of ?t for the prosthetic device 

Mar. 10, 2011 

based on the analyZed pressure levels; and (4) providing 
noti?cation of an overall ?t characteristic betWeen the limb 
and the prosthetic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention Will be better understood and objects 
other than those set forth above Will become apparent When 
consideration is given to the folloWing detailed description 
thereof. Such description makes reference to the draWings in 
Wherein: 
[0019] FIG. 1 is a general side vieW of a preferred embodi 
ment. 

[0020] FIG. 2 is a general block plan of a preferred embodi 
ment. 

[0021] FIG. 3 is a general partially exploded cutaWay vieW 
of a preferred embodiment of the invention. 
[0022] FIG. 4 is a general vieW of a preferred embodiment. 
[0023] FIG. 5 is a general vieW of a graphic Wearer interface 
that may control the settings of the prosthesis. 
[0024] FIG. 6 is a general block plan of a preferred embodi 
ment. 

[0025] FIG. 7 is a general block plan of a preferred embodi 
ment. 

[0026] FIG. 8A is a perspective vieW of a pump system 
according to an embodiment of the present invention; 
[0027] FIG. 8B is a partially exploded, perspective vieW of 
the pump system of FIG. 8A in relationship to a pylon for 
housing the pump system according to an embodiment of the 
present invention; 
[0028] FIG. 9 is an exploded, side elevational vieW of a 
vacuum engine for a pump system according to an embodi 
ment of the present invention; 
[0029] FIG. 10A is a perspective vieW of an adaptor accord 
ing to an embodiment of the present invention; 
[0030] FIG. 10B is a perspective, end vieW of the adaptor of 
FIG. 9A; 
[0031] FIG. 11 is a cross-sectional vieW of a vacuum engine 
according to an embodiment of the present invention; and 
[0032] FIG. 12 is a diagram of a control system for a pros 
thetic according to an embodiment of the present invention; 
and 
[0033] FIG. 13 is a chart comparing pressure data for a 
good prosthetic ?t versus a bad prosthetic ?t as controllable 
by a control system according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] This disclosure, in general, describes a neW and 
improved vacuum pump system that provides enhanced sus 
pension and, in turn, a more effective and e?icient prosthetic 
limb application. The pump system may advantageously pro 
vide an amputee With a safer and more comfortable ?tting 
prosthesis that may have better proprioceptive control and 
feel as though the prosthesis is an extension of the Wearer’s 
oWn body. 

[0035] In one embodiment, a prosthesis integrates a socket, 
circuit, vacuum pump system, pylon, and poWer means While 
incorporating acoustic dampening and data collection capa 
bilities. The processed data may permit a better ?t of the 
prosthesis, for example tailored for each individual Wearer. 
Further, the pump system includes a means for actively alter 
ing a vacuum pressure, in Which such alterations may be 
initiated by the Wearer, a prosthetist, a control system corre 
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sponding to environmental changes, or any combination 
thereof. Preferably, the pump system is suf?ciently small, 
lightweight, and easily concealed Within the prosthesis as to 
cosmetically integrate thereWith. The pump system may fur 
ther alloW for feedback from the Wearer. 

[0036] The pump system may automatically monitor and 
maintain a desired vacuum pressure betWeen the Wearer and 

prosthesis. Additionally, the pump system may record and 
analyZe data that may be processed to optimiZe or at least 
attempt to optimiZe ?t, usability and other functions of the 
prosthesis for the Wearer. By Way of example, the “usability” 
of the prosthesis has been identi?ed as one of the most impor 
tant characteristics of the prosthesis by amputees, thus the 
pump system may permit the Wearer to circumvent changes 
that Would otherWise be commanded by the control system. 

[0037] The pump system may be utiliZed With an upper or 
loWer prosthesis and may have a loWer manufacturing cost 
With regard to conventional pump systems. The loWer manu 
facturing cost may result from material changes, reduced 
assembly time, and/or other factors. The pump system may 
also be con?gurable to require less training time to operate, 
maintain and adjust While providing consistent performance 
for and minimal operating noise audible to the Wearer. 

[0038] The prosthesis may generally include a socket in 
?uid communication With a pump system, a circuit in signal 
communication With control softWare, and a poWer source. In 
one embodiment, the pump system evacuates air from a space 
that exists Within the socket to provide a secure ?t and 
improved suspension. 
[0039] One aspect of a comfortable and properly ?tting 
prosthesis is a complete or near complete air tight seal 
betWeen the prosthesis and the residual limb. In one embodi 
ment, this ?t may be achieved With a sealing suspension 
sleeve, a dual layer liner, or another device that may utiliZe a 
self sealing liner, a compression ring, or other form of sealing. 
For example, around the residual limb there may be a gel liner 
that is partially covered With a sock, hose, or other porous 
covering so that the top feW inches may be exposed. The 
porous covering may alloW air to Wick Within the pump sys 
tem and therefore provide a substantially uniform vacuum. 
The socket may be con?gured to ?t securely With the liner and 
porous covering. A nonporous suspension sleeve or similar 
device may initially hold the socket to the limb to provide 
sealing With respect to the pump system, the gel liner, and the 
skin of the residual limb. This may provide a virtually air tight 
system. 
[0040] In one embodiment, a vacuum is pulled from the 
socket through a small hole, channel and/ or an air-permeable 
area protruding from the socket. It is preferable that any air 
leak be substantially minimiZed or prevented as betWeen the 
socket and the pump system. The pump system may include 
a ?lter to prevent unWanted or otherWise extraneous particles 
from entering a vacuum pump of the pump system. In addi 
tion, the pump system may include a valve to promote and 
retain a desired vacuum pressure Within the socket. By Way of 
example, the valve may take the form of a one-Way valve or 
check valve that alloWs air to exit the socket, but not re-enter. 

[0041] The vacuum pump of the pump system may take the 
form, but is not limited to, a linear actuator driven pump, a 
arti?cial muscle driven pump, an electro-active polymer or 
other material driven pump, a non-motor driven pump, one or 

more electric diaphragm pumps that may operate in series, 
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respectively, or some other type of pump capable of obtaining 
the desired vacuum pressure in the socket and adjusting that 
pressure to a desired level. 

[0042] A pylon for housing the pump system may include 
vibration dampening, acoustic dampening, or both located in 
proximity to a motor of the pump system. In one embodiment, 
the pylon includes a variable inner diameter con?gured to 
house the pump system. 
[0043] The acoustic dampening may include, but is not 
limited to, sound proo?ng foam or ?ber Wrapped around the 
vacuum pump, motor, or both. The foam may be a silicon or 
similar material capable of absorbing acoustic energy. In 
another embodiment, the acoustic dampening takes the form 
of a silencing device ?xed to the pump system. Alternatively, 
acoustic dampening may be achieved by af?xing or encom 
passing a cosmetic covering or casing to the outside of the 
pump system Which may reverberate the noise in directions 
other than outWards, or simply dampen the sound generated 
from the pump. Additionally, the use of a mass encasement to 
encompass the pump may be arranged in preferably an air 
tight manner, such that the encasement dampens sound trans 
missions attempting to travel therethrough. Combinations of 
the aforementioned may also be used to dampen vibration 
and/or acoustic transmissions from the pump system. In 
another embodiment, the encasement may have a vacuum 
draWn about the pump to prevent sound transmissionisince 
sound cannot be transmitted through a vacuum given that no 
vibratory effects are the cause of sound transmission. The 
pumps of the pump system may operate to draW a vacuum in 
both the socket and the encasement. Yet another method for 
acoustic and/or vibration dampening may include sloWing 
doWn the pump actuation or motor to change its acoustic 
signature transmission. 
[0044] Additionally, the encasement for the pump system 
may include other prosthetics components such as a pylon or 
housings of other prosthetic devices. Typically, the pylon is of 
a round, holloW nature and aids in the support and strength of 
the prosthesis structure. The pylon may be con?gured, by 
changing its mass or stiffness for example, to provide for 
additional or alternative sound mitigation and possibly to 
provide enhanced structural support for the prosthesis. In one 
embodiment, an inner Wall of the pylon may be con?gured as 
a cylinder to house a piston of the pump system. 
[0045] A preferred embodiment may include several pos 
sible pressure controlling mechanisms. One such mechanism 
incorporates a variable vacuum sWitch With a ?xed dead band. 
By Way of example, if the pump system maintains a vacuum 
pressure of 21 inches of Mercury Within a range of :4 inches 
of Mercury, the vacuum pressure should be monitored such 
that it can be controlled to turn ON or OFF at a desired time. 

By setting a ?xed dead band, the vacuum pressure may 
increase to a level in Which the pump system becomes dis 
abled. Thus, as the vacuum pressure sloWly diminishes, it Will 
reach a threshold in Which the ?xed dead band is reached. At 
that time, a signal transmitted to the pump system reactivates 
the vacuum pressure to bring it to the same or a different 
desired level. This control process alloWs for the vacuum 
pressure to be operated only under necessary measures to 
conserve energy and reduce operating noise. 
[0046] Another pressure controlling mechanism may 
involve using a pressure sensor incorporated into a micropro 
cessor controlled system that includes a range of pressure 
limits, Which may be selectively set or pre-programmed. By 
Way of another example, When the vacuum pres sure is in a set 
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pressure range the pump system deactivates. Upon reaching a 
predetermined limit or threshold, a pressure sensor detects a 
shift and relays an analog, or other, signal to the micropro 
cessor, Which in turn relays a signal to the pump system to 
re-activate. The set pressure range may be adjustable depend 
ing on a variety of characteristics, demands or other factors of 
the prosthesis. Additionally, an upper and loWer threshold of 
the pressure range may be independently adjusted through 
multiple means such as, but not limited to, electronic 
resources, manual resources, dials, sWitches, sensors, graphic 
Wearer interface, etc. 

[0047] Stated otherWise, the thresholds de?ning the pres 
sure range may be actively adjusted in order to provide a 
greater suspension to the limb and/or in reaction to forces 
applied to the prosthesis. This variability in the thresholds 
may be pre-set, correspond to algorithms of the control sys 
tem, or both. For instance, When the Wearer of an upper 
extremity prosthesis picks up an object having suf?cient 
mass, the pump system reads that a load has been applied and 
interprets the load as an indication that the prosthesis is tend 
ing to be pulled aWay from the residual limb. In turn, the pump 
system initiates or turns on the vacuum pressure and/or 
increases a magnitude of the vacuum pressure to provide a 
desired amount of suspension. 

[0048] Furthermore, a means of data recordation may be 
incorporated Within the prosthesis. In one embodiment, a 
microprocessor or microcontroller having a memory are pro 
vided in the prosthesis. The microprocessor receives data 
from the pressure sensor, processes the data, and records the 
data in the memory. The recorded data may then be accessed 
by an external computer or other device Which may further 
process the information. In this manner, prostheses may be 
tailored to the individual needs of each Wearer based on the 
day-to-day activities of that individual. The external com 
puter could communicate With the pump system by multiple 
methods including, but not limited, to a USB port, a Wireless 
signal such as Bluetooth, or other means. The Wireless signal 
Would alloW both the Wearer and prosthetic ?tter easier access 
to the data and an interface to adjust or set various parameters 
related thereto. The Wireless method may be activated for a 
given, or settable, period of time after the computer has been 
disconnected from a poWer source, or turned on, or other 
methods of de?ning a given usability moment Which may 
initiate the use of the Wireless communication system. Addi 
tionally, the attachment of the poWer source may automati 
cally doWnload information from the prosthesis to another 
storage device or computing system. 
[0049] A software and Graphical User Interface (GUI) sys 
tem (hereinafter referred to as a softWare system and GUI 
system, respectively) may also be incorporated in the pros 
thesis. The GUI system may be in direct interaction With a 
circuit board and microprocessor. The softWare may be con 
?gured to receive the Wearer’s information, such as, but not 
limited to, the Wearer’s name, date and time of last adjust 
ment, date and time of last meeting With the prosthetist, and 
activity-related data of the Wearer. The software may addi 
tionally retrieve settings from the circuitry and microproces 
sor and update With neW settings. The GUI system settings 
may include a setting for changing the minimum vacuum 
pressure that the prosthesis can be at before the pump system 
restarts. Furthermore, a maximum vacuum pressure may be 
set, indicating an upper limit under Which the prosthesis can 
maintain its ?t to the residual limb for normal use, and canuse 
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alternative thresholds/algorithms for specialty use such as but 
not limited to greater force being exhibited on the prosthesis 
as discussed above. 

[0050] Additionally, a control program may monitor tem 
perature and/ or humidity/perspiration Within the socket and 
consequently initiate the pump system based on these or other 
parameters, Which may be individually sensed, detected or 
measured. Even furthermore, these systems may incorporate 
a systematic method of variably adjusting the vacuum pres 
sure throughout the day in order to promote adequate circu 
lation in the residual limb. For example, such a method may 
provide variable vacuum pressures on the limb throughout the 
day so that the residual limb tissue experiences force changes, 
Which in turn should increase local blood How. 

[0051] A setting for a time period of pressure check fre 
quency and a data record frequency may be included to alloW 
the prosthetist to vieW various graphical representations of 
the vacuum pressure change over various time limits. Such 
date may indicate an average period of time under Which an 
acceptable vacuum pressure (i.e., ?t) is maintained and may 
also indicate Whether or not a leak or malfunction in the pump 
system exists. The softWare alloWs the prosthetist to monitor 
multiple Wearers in respective databases. Additionally, the 
softWare alloWs the Wearer to select a method of loW battery 
noti?cation, Which may include a vibration, audible beep, 
activated LED, or other method. 

[0052] A poWer supply for the prosthesis may take the form 
of a rechargeable battery that does not require removal. As 
such, an internal battery may not be necessary as the pump 
system could draW poWer from a central poWer source located 
Within the prosthesis that could poWer the pump system and 
other components. Additionally, the battery or other poWer 
source may not require direct contact to protect against envi 
ronmental damage, such as moisture or non-liquid particu 
lates. A multitude of charging options may be utiliZed includ 
ing a hidden electrical outlet Within the prosthesis or even 
possibly an underlying USB port that can be in connection 
With a computer as a charging source, as Well as poWer gen 
eration strategies Within the prosthesis. An induction coil may 
be utiliZed to generate poWer or recharge the battery. Also, 
poWer may be generated using a system that converts kinetic 
energy from the Wearer. 

[0053] An embodiment may include an easily operated on 
and off sWitch mounted inside the socket that activates at least 
the pump system When the prosthesis is donned. Another 
embodiment includes a sWitch on an exterior of the socket so 
that When a sleeve is placed over the socket the sWitch is 
activated. The exterior sWitch may also be activated directly 
by actions of the Wearer. Additionally, the prosthesis may 
employ automatic on/offsWitching capabilities With a motion 
sensor that turns the pump system on for a period of time after 
sensing movement of the prosthetic limb, and off after period 
of time of no movement. The pump system may turn off 
automatically after a period of time in Which no signi?cant 
change in vacuum pres sure is detected. Further, an additional 
backup on/ off strategy may be employed to activate the pump 
system such as, but not limited to a key chain type remote, 
blue-tooth, cell-phone, etc. Motion of the limb may be moni 
tored to initiate, sustain, or adjust the vacuum pressure or 
socket environment. For instance, as the Wearer becomes 
more active, the vacuum pres sure may be raised to account for 
the increase in activity, Which may correlate to higher and/or 
more frequent loading. The Wearer’s activity level may be 
detected and monitored using a variety of sensors combined 
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With other parameters, Which may take the form of force, step 
counter, cadence variance related information, time clock, 
angle, angular change, angular velocity, accelerometer, or 
other knoWn sensors found in the ?eld of prosthetics and 
robotics. 

[0054] In one embodiment, the pump system includes a 
piston or hydraulic mover, a motor, an actuator such as a 
linear actuator, a gear assembly cooperating With the actuator 
and motor, a vacuum chamber, one or more valves, Wires, air 
tubes, a poWer supply, and one or more sensors to monitor 
pressure variations Within the socket. A space betWeen the 
pump system and the socket provides a region in Which the 
vacuum pressure may be generated. The pump system may 
include a diaphragm-type pump, a rotary- style pump, an axial 
pump or another type of pump. In one embodiment, the pylon 
may be utiliZed as a cylinder instead of a separate glass airpot, 
and a vacuum may be draWn against the pylon directly. 

[0055] The pump system is preferably located Within the 
pylon to save space Within the prosthesis. All electronics and 
circuitry may be con?gured in such a manner that they ?t 
Within the pylon and be easily mounted to the prosthetic 
socket. Additionally, a method of a?ixing the components of 
the pump system to minimize or prevent undesired movement 
relative to movement of the prosthesis may include ties, 
clamps, fasteners, etc. Wires and tubes may as Well exit the 
pylon as necessary to provide usability and access. The pylon 
may be sealable to make the prosthesis generally Water resis 
tant and thereby keep the components of the pump system 
suf?ciently 
[0056] An axial pump may provide the desired vacuum 
pressure With only a feW strokes of the piston. This loW cycle 
operation may bene?cially require less poWer and minimize 
any extraneous noise generated by the pump system. 
[0057] The piston head of the piston may be ?ush With, 
space slightly from, or in light frictional contact With an inner 
Wall of the pylon or accessory housing. The piston may move 
in the axial manner via any number of methods including but 
not limited to a helical Worm gear system or linear actuator. A 
helical Worm gear system operates in constant connection 
With the motor Which may be of a rotary fashion. This may as 
Well include a “reverse-double helix internal sliding glider 
holloW piston pump” or other knoWn methods. Additionally, 
the helical Worm gear may be attached to a piston Which 
moves in relation to the movement of the helical Worm gear. 
As the rotary motor turns it rotates the helical Worm gear 
system in an upWards fashion and in turn forces the piston to 
move upWards. Once a full movement of the piston has been 
made a mechanism such as but not limiting to a clutch may be 
employed to alloW for the doWnWard motion of the piston to 
its starting position. 
[0058] The actuator may be in contact With, and generate 
the force necessary to move the piston to generate the vacuum 
pressure. Alternatively, hydraulic actuators may be employed 
to initiate movement of the piston. 

[0059] A vacuum chamber may be located in the socket 
above and proximate the piston. Depending on the force 
imposed by the piston, the vacuum pressure Will ?uctuate 
Within the vacuum chamber based upon Whether an up stroke 
or doWnstroke of the piston. In one embodiment, the piston 
may be oriented such that the upstroke forces air out of the 
socket. A seal may be disposed about the piston orpiston head 
and cooperate With the pylon to provide an air-tight environ 
ment. 
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[0060] The pump system may include valves for restricting 
the ?oW of air into and out of the pump system. By Way of 
example, a one-Way valve may be placed Within the vacuum 
chamber to control inWard and outWard air?oW. Additionally 
or alternatively, tWo-Way valves may be employed in a cham 
ber beloW the piston to release or bleed air during piston 
operation. Optionally, the chamber beloW the piston may be 
open to the atmosphere. 
[0061] The prosthesis may further include a non-digital 
computer regulator system for maintaining any chosen 
vacuum pressure range in the socket (see FIG. 6 beloW). The 
Wearer may set the vacuum pressure through use of dials, 
knobs, or other sources to adjust desired vacuum range. The 
pump system may have one or more control circuits to set the 
loWer and upper vacuum pressure range. For example, a 
single op-amp comparator circuitry turns the actuator ON 
When the pump system is initially poWered. 
[0062] Referring brie?y to FIG. 6, a logic diagram 500 
shoWs a ?rst reference voltage (Ref 1) 502 and a second 
reference voltage (Ref 2) 504, in Which both may be at the 
same frequency. A control knob 506 sets a loWer vacuum 
pressure for a pump system. Control knob 508 sets the upper 
limit of the vacuum pressure range. The prosthetist/Wearer 
may set these knobs prior to starting the pump system. The 
knobs 506, 508 may also be adjusted While the pump system 
is on. There may be one or more sWitches and in the illustrated 
embodiment With ?rst sWitch 510 being normally closed 
(NC) While second sWitch 512 is normally open (NO). SWitch 
510 may disconnect the startup circuitry as soon as the 
vacuum pressure reaches the loWer range value. A voltage 
WindoW detector circuit 514 having a dual op-amp system 
may then control an actuator 51 6 to keep the vacuum pres sure 
in a desired range as detected in a socket 518 by a pressure 
sensor 520. The pressure sensor 520 may take the form of a 
differential vacuum sensor in communication With a chamber 

proximate to the socket, and Where the sensor 520 includes 
one side open to atmospheric pressure. Input from the sensor 
520 may be transmitted to or received by one or more circuits, 
such as an op-amp comparator circuit 522. 

[0063] Controlling the pump system may be effectuated by 
employing Wired or Wireless communication devices such as, 
but not limited to, computer, handheld computer devices 
(e.g., PALM® or BLACKBERRY® systems), phone, Watch, 
or other practitioner or Wearer settable devices. These devices 
may be used to alloW the practitioner or Wearer to adjust 
setting parameters from time to time. In addition, the Wearer 
may have a relatively limited number of options to adjust, 
Whereas the practitioner or administrator of the prosthesis 
may have a broader range of use options. 

[0064] FIG. 1 shoWs schematic side vieW of prosthesis 100 
attachable to a residual limb 102, shoWn in dashed lines, and 
Which may take the form of a transtibial residual limb. The 
prosthesis 100 includes a socket 104 con?gured to closely 
receive the residual limb 102 While providing a space 106 
betWeen a bottom surface 108 of the limb 102 and a bottom 
surface 110 ofthe socket 104. A pump system 112 is in ?uid 
communication With the space 106 by Way of a conduit 114, 
Which may include a valve 116. The conduit 114 may take the 
form of ?exible tubing While the valve 116 may take the form 
of a one-Way valve, such as a check valve. The pump system 
112 operates to exchange air With the space 106 as Will be 
described in greater detail beloW. 
[0065] A pylon 118 may be con?gured to house the pump 
system 112 or vice versa, meaning the pump system 112 may 










